In previous Gulf Stream work (Hall and Bryden, 1985, Hall, 1985 
A major area of research in physical oceanography has been the study of the kinematics and dynamics of western boundary currents, in particular the Gulf Stream (Fofonoff, 1981) . Much of the past interest has been focused on describing the "cause" of the Stream itself. Theories justifying its existence have ranged from the westward motions of the heavenly bodies to rivers emptying into the Gulf of Mexico (both wrong) (history from Stommel, 1958 ).
More interest is now being applied to the determination of the along-and cross-stream structure and dynamical balances involved within the stream, especially in the vicinity of highly energetic meanders, rings, and eddies. Hall and Bryden (1985; Hall, 1985 approached this problem in a unique fashion. Using current records from a single mooring, they constructed a mean time invariant lowest order velocity cross-section for the Gulf Stream (Fig. 1) . They proposed that this cross-section (termed a canonical structure) was locally constant in the along-stream direction with only small deviations in the area tested (West of the New England Seamounts), these deviations being important to the local dynamics of the Stream. As part of the construction of the cross-section, Hall and Bryden decomposed the current record into two components: one aligned with the direction of the shear (vertical derivative of horizontal velocity), termed the along-stream component,
ST/8y ("c/lO0km) Average horizontal and vertical profile of velocity in Gulf
Stream, from year-long time series at 68"W. Details of how profile was obtained in Hall and Bryden (1985) .
Figure 1 Hall and Bryden Cross-Section of the Gulf Stream
Velocity.
(Reprinted with permission. Hall, 1986) and the remainder that is perpendicular to the shear (the cross-stream component). An interesting discovery evolved from this decomposition: while the along-stream component was baroclinic, the cross-stream component was highly barotropic
(not a function of depth). The first result is expected from the historical observation that the Gulf Stream is a surface intensified jet with a strong signature in the density field. However, the second result is slightly surprising and has some possibly valuable uses. If the Gulf Stream does have fixed cross-sectional structure, the cross-stream component can be interpreted as a velocity imparted onto the meters by the translation of the stream across the mooring (Fig. 2 ). This translational hypothesis was found to correctly determine the Gulf Streams translations, as shown in temperature changes, by Hall (1985 in certain cases. However, Hall also showed that the hypothesis also incorrectly determined the sign of the change in temperature in cases associated with high curvature of the Gulf Stream.
Hall ( Experiment (GSSME) (Hogg et.al., 1986) . attempted (Hendry, 1988) .
The data used for determining the translational velocities for this study were calculated using all the data returned from the GSSME moorings in 1983.
The data sets available for locating and degraded by cloud cover. Additionally, the necessity of remapping the image to ground coordinates is very difficult and time consuming. These problems with the IR imagery were circumvented in this study by use of the "North Wall" data prepared by the University of Rhode Island (Cornillon et. al., 1987) . This has been used in the past for studies of the Gulf Stream and in particular for measuring meandering (Cornillon, 1986) .
The North Wall data used in this study was developed by Craig Gilman. To determine the North Wall, a two-day composite image is created to reduce cloud cover. All of the passes during the two day period are mapped onto the same geographical grid allowing for multiple data points at most pixels (specific latitude/longitude coordinates). From all of the passes contained in the two day period the warmest value is chosen at each pixel. Since cloud temperatures are much colder than the ocean, this effectively eliminates the clouds, unless there was continuous cover during the time period (this is not uncommon in the array area). From the two day composite, a North Wall is subjectively drawn. This method was chosen as its performance was found to be better than objective mapping (Cornillon et.al.,1987) .
The North Wall was chosen since it is the most easily delineated feature in IR images of the Gulf Stream region.
This is due to the sharp thermal gradient caused by the warmer waters of the Gulf Stream coming into contact with the colder slope water (Fig. 3) .
Methods;
The decomposition of the current records was done using the same methods as Hall (1985, 1986A,B) . The velocity record from a lower instrument is subtracted from a shallow record to determine the shear direction (see Fig. 4 and Eq. la). The vector projection of the upper velocity in the shear direction is then determined (Eq. Ib).
Eq. lb (Wylie, 1982) IV rossby waves have been seen in some drifter data and past current mooring measurements (Bower, personal communications, Bower, 1988 , Johns et. al., 1985 .
Use of the uppermost meters is a slight departure from the Hall study when the 2000 m. meter on the mooring was used for the lower level velocity in the calculations. The 4000 m. current meter was eliminated by Hall due to flow reversals measured at that depth, and to also reduce the aforementioned wave influence.
The first steps taken were to determine the accuracy of the North Wall data in the vicinity of the array. The procedure consisted of creating a series of images which contained nearly instantaneous images of the Gulf Stream region, using remapped IR data, and then overlaying the North Wall data from the same time period (Fig. 5) . This is, however, easy to notice in a time series of images and was eliminated from the data sets by removing the days in which the straight line was found.
Once the accuracy of the North Wall data had been determined, the next step was to combine the in-situ measurements with the remotely sensed data to determine if the translations predicted in the current record could be observed in the North Wall data. The method used was to plot (Fig. 6 ) two sequential maps of the North Wall position, the location of the actual mooring (marked X), and the location to which a water parcel originally located at the mooring would be translated if it had been displaced according to the translational velocity calculated at the mooring (marked R).
This was used as an indicator of the direction in which the North Wall data should have progressed according to the hypothesis. These plots were made using PLOTXY, a public North Wall using neutrally buoyant floats (Bower,1988) .
Additionally, many plots had to be removed from the analysis due to dropouts of the North Wall data within the plots.
Most of the dropouts are associated with persistent cloud cover that was not removed by the two day composite methods used in creating the North Wall data. This greatly decreases the amount of data since even with the two day averaging there is still a great deal of imagery with persistent cloud coverage.
Results:
Using the methods described above for the 5 moorings in the GSSME array in 1983, it is found that only 96 data points are available (32 plots with sufficient IR coverage).
Of these, only 56 points are "below" (i.e. South of) the That gives a composite of only 23.8% support for the hypothesis. It was noted however, that the accuracy of the North Wall data did not appear to be as high in the region of the GUSTO mooring (see Fig. 7 for locations). This is possibly due in part to distortions caused by the satellite imagery being remapped to a central area within the satellite pass. The errors associated with infra-red satellite imagery increase away from the location at which the satellite pass is centered.
An additional check can be made by looking at the translations in the thermal structure of the stream as measured by the array. On each of the current meters there were also temperature and pressure sensors. Using the eleven sensors that returned data a cross section can be made. This was done for a series of dates (days 195 through 199) that supported the hypothesis, using the North Wall data, to determine if the translations could also be seen at depth.
The process used was to input the latitude, pressure and temperature into Z-GRID (a public domain gridding program), plot the output using CONTOUR (again a common public domain Unfortunately, eleven points is not sufficient to get an accurate cross section of the Gulf Stream thermal structure.
Certain obvious distortions are seen in the plots (Fig. 8) (such as temperature minima at 2500 m.), but there is a trend present. The translations predicted by the hypothesis are generally in the same direction as the displacements observed in the thermal structure by the sensors. The match-up is not exact, but due to the aforementioned distortions that is expected. Therefore, it is concluded that, to within the accuracy of the data available, the thermal structure is displaced in the direction predicted by the translational hypothesis when the hypothesis correctly predicts the translations of the thermal front. However, it may also be concluded that it is unlikely the thermal displacements would be correctly predicted when the hypothesis fails to predict the surface translations, though this was not tested.
Recent Observations (RAFOS Floats):
Recent observations (Bower, 1988) and in the ballasting systems. The SOFAR float is ballasted to remain at a constant pressure surface (depth), while the RAFOS float is ballasted with a spring backed piston to remain on a constant density surface (Bower, 1988) .
In the RAFOS data a cross-stream velocity was found in the vicinity of meanders in the Gulf Stream. The method used by Bower to determine the magnitude of the cross-stream velocities was to use a time mean hydrographic cross section prepared in the PEGASUS (Halkin and Rossby, 1985) This cross-stream velocity would appear to be contained within the solid canonical stream envisioned before since many of the floats followed the stream from beginning to end without being ejected from the stream.
To determine if the decomposition proposed by Hall shows a translational cross-stream component that is being overshadowed by this internal cross-stream flow, a reexamination of the data must be done.
Reexamination:
The plots in which points had been scored as supporting or disputing the hypothesis were reexamined to determine in which portions of the meander pattern the hypothesis had failed or worked most often. The method used was to draw an approximate "South Wall" onto the plots using the day x North
Wall data and an 80 km. cross section (Fig. 9) . The 80 km.
cross section was chosen after examining various cruise data (Endeavor cruise 1988, unpublished, R/V Hakon Mosby, 1986) and consultation with investigators (Fofonoff and Hogg, personal communications The RAFOS data, however, has certain difficulties associated with it. There is a question (Hall, 1986B; Fofonoff, personal communications) as to whether the changes in depth measured by the float could be associated with a shallowing or deepening of the Gulf Stream in the vicinity of a peak. This could be caused by the stream trying to offset the centrifugal forces associated with the meander.
Additionally, the RAFOS floats were only used in the upper 400 -700 m. of the stream to increase the retention of the floats in the Stream. Since the translational hypothesis applies to the differences in current found with depth, it is important to determine the depth structure of the velocity found by the RAFOS floats.
To try to determine the depth structure of the RAFOS determined velocity, a series of test cases was examined. These tests were chosen since they are relatively simple, and also due to the sparsity of data.
The test cases were chosen from the plots such that the moorings were closest to the zero curvature line. This is the location of the highest cross-stream velocities detected using the RAFOS floats. Four moorings were found to be in this position. The cases chosen were:
Day 137 buoy RH560X Day 149 buoy RH557X Day 151 buoy RH559X Day 249 buoy RH558X
The first three cases all disputed the hypothesis. The fourth case (Day 249 RH558X) supported the hypothesis.
Test #1:
For Test #1 a RAFOS cross-stream velocity of 10 cm/s was removed from the record aligned in a direction perpendicular to the North Wall data. The 10 cm/s was taken out of both depths and the translational velocities were then recalculated. New plots were then made which showed the North Wall data, the mooring position (marked X), the translation according to the translational hypothesis (marked R) (same as the earlier test plots), and the translation according to the translational hypothesis after the 10 cm/s was removed from the records (marked B) (Fig. 11) . From these plots it was determined whether or not the removal of the 10 cm/s cross-stream component had improved or degraded the forecast. It was found that the removal aided in only one test case and also degraded one case (turning the one positive result to a negative result). This would lead to the likely rejection of a barotropic cross-stream RAFOS velocity.
Test #2:
For test two the cross-stream velocity bias was decreased with depth according to the magnitude of the velocities measured (Eq. 2).
Vi I 10cm/s = IVI I Eq. 2
IV. I
With: IVu I = magnitude of the upper velocity IV I = magnitude of the lower velocity IV I = magnitude of the RAFOS velocity
In this test it was found that the removal improved one test case and did not adversely affect any of the other examples. This suggests that there is some vertical structure to the RAFOS measured velocity. It is however impossible to determine the actual structure from the test cases available and it must be found through further in-situ experiments with the RAFOS floats. 
Figure 11
Plot of Test #1 With Barotropic Velocity Removed According to RAFOS Measurements (B). The RAFOS measured velocities have some baroclinic structure, but this structure cannot be determined from the data available.
Shows a Worsening from Original Prediction (R).
These conclusions lead to a view of the Gulf Stream as having a solid structure which translates side to side and also contains additional cross sectional velocities associated with the meanders found in its path (Fig. 12) .
The cross sectional velocities seem to be associated with vertical velocities induced by the stretching of the water column compensating curvature-induced vorticity changes following the meanders, but this cannot be determined from the available data.
It is important that future work with the RAFOS floats include estimates of the depth variation in the cross-stream velocity. This would allow for a better understanding of the cross-stream velocity itself as well as aid in a better disputed the hypothesis. The numbering system used was to call the southern-most mooring number one, the mooring directly above it number two, the northern-most mooring number 3, and the final mooring four (Fig. C2, C3 , and C4).
A mooring marked "+" supported the hypothesis, "-" disputed the hypothesis, and a 0 denotes a mooring which could not be used in the analysis. 
